INTRODUCTION {#sec1-1}
============

Dental caries continues to be a major oral health problem affecting people in developing and underdeveloped countries. The prevention of dental diseases is associated with a reduction in the number of microorganisms. The oral cavity is free of microorganisms at birth. There is a great variety of microbes in the oral cavity during the first day of life such as *Streptococcus*, *Staphylococcus*, *Neisseria*, *Candida*, *Lactobacillus*, and coliforms. Transmission of *Streptococcus mutans* was found to start even from the fourth month of a predentate child\[[@ref1][@ref2]\] either directly from the saliva of the mother or other family members or indirectly through fomites such as spoons, cups, toys, or contaminated toothbrushes.\[[@ref3]\]

Tooth brushing is one of the important procedures in prevention of dental caries. Toothbrushes are manufactured free of microorganisms. After a single use, however, toothbrushes may become contaminated with a wide array of bacteria, viruses, yeasts, and fungi, present both in the oral cavity and in the external environment.\[[@ref4][@ref5]\] In toothbrushes used by children in a day care center heavy growth of enteric yeasts and molds was reported.\[[@ref6]\]

Microorganisms can remain viable on toothbrush bristles for periods ranging from 24 hours to seven days.\[[@ref7]\] The routine use of contaminated toothbrushes might contribute to disseminate microorganisms within the oral cavity of the same person or between different individuals. A method to reduce contamination of toothbrushes might be a helpful means to avoid re--infection and cross--infection risks. There are various methods for toothbrush decontamination, which include immersion in antimicrobial solutions like chlorhexidine,\[[@ref8][@ref9]\] triclosan,\[[@ref10]\] cetylpyridinium chloride,\[[@ref11][@ref12]\] Listerine,\[[@ref13]\] ultraviolet (UV) radiation,\[[@ref14]\] spraying of disinfecting solutions on bristles,\[[@ref7][@ref15]\] use of microwave oven\[[@ref11]\] etc.

With the rise in bacterial resistance to antibiotics, there is considerable interest in the development of natural antimicrobial agents for control of infection. Several studies have proved antibacterial effects of garlic\[[@ref16][@ref17]\] and tea tree oil extracts\[[@ref17][@ref18]\] on oral microorganisms.

Garlic (*Allium sativum*) is a flavor component used in a wide variety of dishes and has been used in native medicine since ancient times for the treatment of many diseases. There are a few reports on garlic antimicrobial activity against oral microorganisms in which 2.5\[[@ref19]\] and 3%\[[@ref20]\] concentrations showed good antimicrobial activity against *S. mutans*. The medicinal properties of the tea tree oil (TTO) were first reported by Penfold in the 1920s. The volatile essential oil is derived from the Australian native plant *Melaleuca alternifolia*. This oil is effective against a high number of gram--positive and gram--negative bacteria, viruses, protozoa, as well as fungi.\[[@ref21]\] In some studies, maximum bactericidal concentrations of 2.5,\[[@ref22]\] 2,\[[@ref18]\] 0.25,\[[@ref23]\] and 0.2%\[[@ref19]\] TTO were reported against streptococcus species.

Chlorhexidine gluconate (CHX), which has been studied extensively for many years, is currently one of the safest and most efficient chemotherapeutic agents against *S. mutans* and dental caries. Different concentrations of 0.2%,\[[@ref24]\] 0.12%,\[[@ref25][@ref26][@ref27]\] 0.06%\[[@ref25]\] CHX have been shown to act against *S. mutans*. CHX used as a mouth rinse or in dental gels applied by toothbrush has been reported to result in a low-to-moderate reduction in *S. mutans* counts in plaque and saliva, and in only a trend toward less caries.\[[@ref28]\]

Cetylpyridinium chloride (CPC) is a quarternary ammonium compound used in a wide variety of antiseptic mouth rinse products. CPC 0.07%\[[@ref29]\] and 0.05%\[[@ref11]\] have shown antibacterial activities.

Various UV toothbrush sanitizing devices are available in the market. Many of these new gadgets allow for multiple toothbrushes to be cleaned at the same time, and a number of them accommodate different sizes of brushes, like ones that are electric or kid-sized. UV radiation is effective against a number of bacteria, yeasts and viruses.\[[@ref14][@ref23]\]

There is limited information available comparing the potency of garlic, tea tree oil, CPC, CHX, and UV light as toothbrush disinfectants.

This study commenced with a null hypothesis: There is no difference in the antibacterial effect of garlic, tea tree oil, CPC, CHX and UV light against *S.mutans* as toothbrush disinfectants.

Hence, the present study was conducted with the following objectives:

To determine the efficacy of 3% garlic, 0.2% tea tree oil, 0.05% cetylpyridinium chloride, 0.2% chlorhexidine, and UV sanitizing device in reducing the *S. mutans* count in the contaminated toothbrushTo compare the potency of these antibacterial agents in reducing *S. mutans* count on the used toothbrushes.

MATERIALS AND METHODS {#sec1-2}
=====================

This study was a comparative experimental trial done on dental students aged 18 to 25 years residing in the hostel of a dental college. Ethical clearance was obtained from the Ethical Review Board of the dental college.

Out of the 428 dental students screened, 245 students fulfilled the inclusion criteria (dental students aged between 18 and 25 years who reside in the hostel inside the institution campus and having decayed, missing, and filled teeth index (DMFT) score not more than 3 and exclusion criteria (those undergoing orthodontic treatment, those with extensive intraoral prosthesis and using antibiotics or antiseptic mouthwashes for at least three months prior to the study or currently).

From the eligible 245 study participants, final required 210 subjects were randomly selected \[[Figure 1](#F1){ref-type="fig"}\]. Written informed consent was obtained from all the subjects. A specially designed proforma was used to record information on each participant\'s demographic details, medical and dental history, and other observed findings. The caries experience was calculated using DMFT index by Klein, Palmer and Knutson (WHO modified 1997). Prior to the study, the investigator (1) was trained and calibrated. A pilot study on 24 subjects who were not included in the final study was carried out by the investigator.

![Schematic representation of methodology](IJDENT-5-183-g001){#F1}

The present study followed a double blind randomized controlled parallel group design. The study subjects and the microbiologist remained blinded throughout the study. The duration of the study was three months. The selected 210 subjects were divided into one control group \[Group I (G I) - distilled water\] and 5 study groups \[Group II (G II) - 0.2% tea tree oil, Group III (G III) - 3% garlic extract, Group IV (G IV) - 0.2% chlorhexidine gluconate, Group V (G V) - 0.05% cetylpyridinium chloride, and Group VI (G VI) - UV toothbrush sanitizing device). Each group consisted of 30 subjects (15 males and 15 females). The study procedure was divided into two phases for each group: Baseline phase and intervention phase.

For the study purpose, commercially available soft-bristled toothbrushes (Oral B **shiny clean**) and fluoridated toothpastes (Pepsodent) were provided to the participants. The students were provided precoded toothbrushes and toothpastes before each phase of the study. The participants were instructed to brush their teeth twice daily--- in the morning before breakfast and in the night after dinner --- and to rinse the toothbrushes under running tap water for 30 seconds after brushing. The subjects were instructed to keep their toothbrushes in disposable glasses provided to them and leave them for drying. Subjects were periodically reminded to follow the instructions through personal contact and over the mobile phone.

Five new toothbrushes, which were freshly opened from the packets, were subjected to microbial analysis to ensure that the new toothbrushes were free from contamination before their use by the study subjects.

Baseline phase {#sec2-1}
--------------

After giving necessary instructions, participants were provided new precoded toothbrushes and dentifrices. The used precoded toothbrushes were collected back from the participants after two weeks. These toothbrushes were stored in separate disposable sterile sealed plastic pouches and taken to the microbiological lab (Wingene Biotech Research Labs, Bangalore) within two hours of collecting the toothbrushes for baseline microbial analysis.

Preparation of solutions {#sec2-2}
------------------------

For preparing 3% garlic extract, 100 g of fresh garlic obtained from local market was peeled and blended in a mixer and the extract was filtered first through a muslin cloth and then into a jar using a Whatman\'s No. 1 filter paper. It was then sterilized by filtration using a membrane filter of 0.2 μm.\[[@ref19][@ref20]\] To make it 3%, 12 ml of garlic extract was mixed with distilled water. Garlic solution was prepared freshly on the day of the experiment.

For preparing 0.2% TTO, 0.6 ml of commercially available TTO (Mother Herbs Private Limited, New Delhi) was mixed with distilled water and 0.5% Tween 80. As TTO is sparingly soluble in water, an emulsifying agent Tween 80 (with no antimicrobial activity) was added to enhance the solubility.

Chlorhexidine 0.2% (Hexidine, ICPA Health Products Ltd, India) was used, which was readily available in the market.

Cetylpyridinium chloride powder 15 mg (CDH Laboratory, India) was mixed with distilled water to obtain 0.05% cetylpyridinium chloride solution.

Intervention phase {#sec2-3}
------------------

On the day of collecting the first set of toothbrushes, another set of new precoded toothbrushes and toothpastes were provided to each group. Subjects were once again reminded on the necessary instructions to be followed. After two weeks the brushes were collected and stored in separate disposable sterile plastic pouches and sent to the laboratory immediately. The collected toothbrushes were aseptically introduced into separate test tubes containing the test solutions --- distilled water (control), 0.2% tea tree oil, 3% garlic extract, 0.2% chlorhexidine gluconate and 0.05% cetylpyridinium chloride. The head of toothbrushes were kept immersed in the solutions for 12 hours. The UV toothbrush sanitizing device (VIOLight Toothbrush Sanitizer, Violight Inc., New York) was used as instructed by the manufacturer for G VI toothbrushes. At a time four toothbrushes were kept upside down inside the device with their bristles facing the UV light. Once the device completed its 7--minute cycle, it turns itself off.

After the prescribed time, the toothbrushes were withdrawn and subjected to microbial analysis for evaluation of post intervention *S. mutans* counts on the toothbrushes.

Laboratory method {#sec2-4}
-----------------

On the open end of the test tube, the handle of the brush was covered and well plugged with sterile cotton pellet. The sample was subjected to a cyclomixer. *Mitis salivarius* agar medium was used. The plates were incubated for 24-48 hours at 37°C in an incubator. The plates were opened after 48 hours and the colonies were counted and were expressed as colony forming units (CFU)/ml. The laboratory procedure was similar for both the phases.

Descriptive statistical analysis was carried out in the present study. Significance was assessed at 5% level of significance. The F test (one way analysis of variance (ANOVA)) and Tukey\'s post-hoc test were used. The Statistical software namely SAS 9.2, SPSS 15.0, Stata 10.1, MedCalc 9.0.1, Systat 12.0, and R environment ver. 2.11.1, were used for the analysis of the data.

RESULTS {#sec1-3}
-------

The data in [Table 1](#T1){ref-type="table"} shows the comparison of mean CFU of *S. mutans* in control and experimental groups at baseline and intervention phases. In all the six groups, there were significant differences (*P* \< 0.001) in the reduction of *S. mutans* counts from the baselines. The mean percentage reductions in *S. mutans* CFU are shown in [Figure 2](#F2){ref-type="fig"}. The highest reduction in CFU was seen in the garlic group and the least reduction among antimicrobial agents was for UV sanitizing device. Among all the groups, distilled water showed the least reduction in *S. mutans* counts. Figures [3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"} show that in males and females garlic showed maximum reduction and distilled water showed least reduction in the bacterial counts, compared to all other agents.

###### 

Comparison of mean colony forming units of *Streptococcus mutans* in control and experimental groups at baseline and post-intervention
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![Mean percentage reduction of *Streptococcus mutans* colony forming units in six study groups from baseline](IJDENT-5-183-g003){#F2}

![Comparison of percentage reduction of *Streptococcus mutans* colony forming units in six study groups from baseline among males](IJDENT-5-183-g004){#F3}

![Comparison of mean percentage reduction of *Streptococcus mutans* colony forming units in six study groups from baseline among females](IJDENT-5-183-g005){#F4}

DISCUSSION {#sec1-4}
==========

The most common device used for oral hygiene maintenance is a toothbrush. As most people live in communities, there is a further risk of cross-infection --- microbes on one brush being transferred to others kept in close proximity or even in sharing of toothbrushes.\[[@ref30]\]

American Dental Association (ADA) recommends routine change of toothbrushes every three months. Many patients, however, reported psychological, economical, and environmental barriers to changing their toothbrushes frequently.\[[@ref31][@ref32]\] Sterilizing toothbrushes in between uses has its own drawbacks.\[[@ref30][@ref33]\] Hence, establishing an easy and effective method for disinfecting a toothbrush would be an important and economical way to prevent reinfection with oral diseases.

In the present study involving 210 dental students, an attempt has been made to evaluate and compare the efficacy of different antimicrobial substances as toothbrush disinfectants against *S. mutans*. All the study subjects had a DMFT less than 3. The WHO classifies less than 3 DMFT to be ideal for 18-year-old individuals.\[[@ref34]\] The same type of commercially available toothbrushes and toothpastes were supplied to all the participants. The participants were provided oral hygiene instructions for standardization of the study procedure.

Storage conditions of toothbrushes are an important factor for bacterial survival. The number of bacteria on the toothbrushes kept in aerated conditions after use decreases more quickly than on brushes stored in plastic containers.\[[@ref31][@ref35]\] Toothbrushes should be stored in the bedroom rather than in the bathroom, which is the most contaminated room in the house.\[[@ref32]\] To avoid any such factors, participants were instructed to use their own toothbrushes and toothpastes provided to them and to keep their toothbrushes in disposable glasses in an open room on their individual tables.

The toothbrushes from the participants were collected after two weeks (14 days), which was similar to an earlier study.\[[@ref23]\] However, different study intervals like five days,\[[@ref10][@ref31]\] seven days,\[[@ref11][@ref13][@ref15]\] 48 hours,\[[@ref36]\] and 24 hours,\[[@ref36]\] have been used in different studies.

The toothbrushes were immersed in disinfecting solutions for 12 hours, which was similar to other studies.\[[@ref10][@ref13]\] Twice-a-day tooth brushing was used in this study. Hence, a soaking period of 12 hours in disinfectant solutions was employed. However, other studies have used different soaking times of 20 hours,\[[@ref31]\] 24 hours,\[[@ref8]\] or 20 minutes\[[@ref36]\] and all had employed once-a-day brushing.

Toothbrushes were kept in UV toothbrush sanitizer for seven minutes as per the instructions given by the manufacturer. This was concurrent with other studies where the same UV sanitizer was used,\[[@ref23][@ref37]\] whereas in another study in which a different sanitizer\[[@ref38]\] was employed, one hour was used.

The range of *S. mutans* colony counts in the present study at the baseline phase was 69-142 × 10^1^ CFU. In a study,\[[@ref31]\] 21-210 *S. mutans* CFU were reported where 5-12 year old children were recruited for five days. There was variance in the *S. mutans* colony counts, showing a range of 3-5.8 × 10^3^ CFU after five days,\[[@ref10]\] 10^5^- 10^6^ CFU after 24 hours,\[[@ref39]\] 10^4^-10^6^ CFU up to 48 hours, and\[[@ref40]\] 50-100 CFU up to eight hours,\[[@ref3]\] in different studies. The discrepancy in CFU may be due to the different age groups and various time intervals for toothbrush collection employed in these studies.

In most households, the daily procedure for toothbrush care is rinsing and drying them. The results of our study revealed that *S. mutans* colonies remained on the bristles after usage and drying by the usual method. Hence, disinfecting toothbrushes after their use is of great importance to prevent reinfection of a person with pathogenic bacteria and the toothbrush becoming a reservoir of environmental microorganisms.\[[@ref11]\]

Five toothbrushes, which were freshly removed from their packets were checked for *S. mutans* colonies on their bristles. All the toothbrushes were free of *S. mutans* colonies suggesting that the origin for these microbes is the oral cavity.

In the present study, toothbrushes soaked in 0.2% TTO solution for 12 hours showed a significant reduction (71.9%) of *S. mutans* colonies from the baseline. A study\[[@ref19]\] with the same concentration of TTO showed more reduction in salivary *S. mutans* counts than the 0.12% chlorhexidine mouthwash.

Garlic extracts of 2.5\[[@ref16][@ref19]\] and 10%\[[@ref41]\] were used as mouthwash in studies, which also showed significant reduction in salivary *S. mutans* counts. Garlic mouthwash, 3%, had reduced more salivary *S. mutans* counts than 0.2% chlorhexidine mouthwash,\[[@ref20]\] which was similar to our study. In our study the 3% garlic extract has proved to be a highly effective antimicrobial solution with 100% reduction of *S. mutans*. CHX exhibits a broad spectrum of antimicrobial activity and is often used as a positive control for the assessment of the anticariogenic potential of other agents.\[[@ref28]\] There was 100% reduction in *S. mutans* colonies from toothbrushes in some studies where 0.2% CHX was used with an immersion period of 12 hours\[[@ref13]\] and 24 hours.\[[@ref8]\] Our study results proved that 0.2% CHX is effective as a toothbrush disinfectant against *S. mutans* with a reduction of 78.3%.

Cetylpyridinium chloride showed a significant reduction of 91.4% *S.mutans* counts in our study. In a clinical trial conducted for one week using 0.05% CPC spray showed significant decrease in toothbrush contamination\[[@ref11]\] whereas another study employed Cepacol (antiseptic containing CPC), which showed 100% reduction of all bacteria after 20 minutes exposure.\[[@ref42]\]

A study conducted using the same UV device showed 86% reduction, which may be due to the short duration (one week) of brushing period employed.\[[@ref23]\] An *in vitro* study\[[@ref37]\] showed that the antibacterial effect of Violight was least compared to Listerine and 3% hydrogen peroxide. A reduction of 47.4% was observed in our study.

When the efficacy was compared among different antimicrobial agents used in the present study, 3% garlic had the highest efficacy followed by 0.05% CPC, 0.2% CHX, 0.2% TTO and the least efficacious was UV toothbrush sanitizing device.

A precise comparison of present study findings with others could not be done due to variations in age groups and methodology (brushing frequency, number of days of brushing), and differences in antimicrobial agents with varying concentrations, immersion timings, methods of application, and organisms analyzed. Microbiological analysis is dependent on methodological accuracy and crucial technical details, which makes comparing results difficult.

The present study considered only *S. mutans* for evaluation of the efficacy of disinfecting agents and did not take into account all other microorganisms present on toothbrushes. Only single immersion period (12 hours) was used. It also did not assess the acceptability of toothbrushes dipped in these solutions by the study subjects as antimicrobial agents are known to have bitter and altered taste especially with garlic, tea tree oil, and chlorhexidine. Therefore, further research is required to analyze various antimicrobial agents with different concentrations and different soaking time.

CONCLUSIONS {#sec1-5}
===========

The study showed that all antimicrobial agents were effective in reducing *S. mutans* counts in toothbrushes. However 3% garlic had the highest efficacy followed by 0.05% CPC, 0.2% CHX, 0.2% TTO, and UV toothbrush sanitizing device. Further clinical research is required to broaden our understanding of various antimicrobial agents, particularly natural agents, in the prevention of dental caries.
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